Long-lasting ventilatory response of humans to a single breath of hypercapnia in hyperoxia.
It has often been assumed that under normoxia, closed-loop ventilatory responses to transient CO2 stimulation (i.e., lasting for 1-3 breaths) are less likely to be mediated by the slow-responding central (medullary) chemoreflex. This assumption, however, has not been quantitatively examined in humans. We hypothesized that in the closed-loop respiratory chemical feedback system [in which the centrally mediated ventilatory response to transient changes in the arterial PCO2 levels (PaCO2) will in turn affect the pulmonary CO2 and hence PaCO2], the contribution of the central chemoreflex pathways to brief disturbances in blood gases may be more important than considered previously. Using the technique of pseudorandom binary CO2 stimulation, we quantified the ventilatory response of normal humans to brief disturbances in arterial CO2 during hyperoxia. Tidal volume (VI), inspiratory ventilation (VI), inspiratory time (TI), expiratory time (TE), and end-tidal CO2 fraction (FETCO2) were measured in subjects who inhaled a mixture that was pseudorandomly switched between 95% O2-5% CO2 and 100% O2 (63 breath sequences). From these data, we calculated the responses of VI, VI, TI, TE, and FETCO2 to a single-breath inhalation of 1% CO2 in O2. Our results showed that in response to a brief increase of 0.75 Torr in alveolar CO2, VI showed a transient increase (average peak response of 0.12 1/min) that persisted for greater than or equal to 80 s in every subject. The response of VI was similar to that of VI, whereas TI and TE showed no consistent changes. Using these results we calculated that central chemoreflex pathways may contribute significantly to typical transient CO2 stimulation tests in hyperoxic and normoxic humans.